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Why measure CO,
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The missing sink(s)

Carbon dioxide Is the most important anthropogenic greenhouse gas
Only 50% of emissions remain in the atmosphere

Understand carbon cycle to understand fluxes and mitigate warming(?)

— Total emissions

- Fossil fuel emissions
- |_and use emissions
[ Atmospheric increase
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Global and seasonal variations

Although CO, is not chemically active, regional and seasonal
variablility I1s caused by sources, sinks, and transport
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Remote sensing of CO,
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Instrument characteristics @700 cm-1

Instrument Native resolution SIN @0.5cm??
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....200****
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The Tropospheric Emission
Spectrometer (TES)
2004-present
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Information at infrared wavelengths VA*A

change in radiance at 710 cm
when CO, at 5 km is changed

O (normalized by spectral noise) T~ | |""’ i i
\W [T

Jacobian[v,z] = d(Radiance[v])/ dIn(CO,[z]) / radiance_noise[v]
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Errors in CO, estimates strongly depend on the
accuracy of temperature and water vapor

Change in TES calculated radiance for a high thermal contrast case:

3
a4
.

Wefind that 1K temperature bias propagates into a 25 ppm CO, bias2—
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Retrieval approach

- Based on the optimal estimation framework (Rodgers, 2000), temperature,
H,0, CO,, cloud and surface parameters are jointly retrieved

- Optimal estimation framework provides a characterization of CO, estimates
In terms of the errors and sensitivity (Bowman, 2006; Worden, 2004):

e Joint temperature, H,0O, CO, retrievals
— Minimizes temperature, water bias in carbon dioxide

 Choice of windows

— Choose broad set of windows in v2 and laser bands
— Remove spectral areas that are not well fit

e Constraints based on altitude-dependent Tikhonov (Kulawik Qg a’l 2006)
— Use 6% variability near surface and 2% higher
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TES predicted and actual errors

1 target: ~7 ppm error
T,y €rror is dominant

100 target: ~1.3 ppm error
Smoothing error is dominant

1 target:

Stotal =~ Ssmooth i Srneas + Scross—state

gets:
[Tea +S

Cross—state

)/100
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Results from TES
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Tropospheric Emission Spectrometer CO, 1‘“*
Observed yearly and seasonal variations consistent w/ in SI'[U data

Monthly averages of ~200 targets @ 5 km (511 hPa)
Monthly mean error is 1.5 ppm
2.1% spectroscopic bias correction
Bias close to estimated spectroscopic error of 1% (Deuvi, 200;)__
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Comparisons to SGP Aircraft CO,

Land retrievals more challenging and CO, varies more

Correlation of TES @5 km to:
e aircraft data 2-7 km 0.7 (reasonable agreement)
e aircraft data 0-2 km 0.3 (=>surface CO, different)
Bias: 0.55 ppm
Sensitivity: 0.63 DOF, less than Mauna Loa area due to overall Iow
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Southern hemisphere ocean
Less seasonal cycle, lower correlation w/ in situ data

Correlation of TES @5 km to:
e« Samoa ground station 0.39
e CONTRAIL 10 km: 0.44

Bias: 1.0 ppm
Sensitivity: 0.8 DOF
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NASA
Comparisons to GEOS-Chem, AIRS, Globalview"
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TES versus Globalview

» 0.63 correlation with Globalview for ocean sites
- Correlation decreases if TES shifted in latitude, longitude, or time relative to Globalview

TES + shift 0.58 0.51 0.50
TES - shift 0.48 0.51 0.56
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Averaging for source & sink estimates
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em Simulation Experiment (OSSE) NA

Model w/ true “True” model CO,
CO, fluxes

sampled w/ TES _
Model w/ a priofi locations, error & Flux Estimates
CO, fluxes

sensitivity

MODEL:

« GEOS-Chem with NASA GMAO met fields

» Biofuel, Fossil Fuel & Biomass Burning emissions inventories
« Climatological Terrestrial and Ocean uptake/emission

» 40 terrestrial/ocean flux regions with CO, sensitivities tagged

OSSE inversion:

« Whatis the optimal averaging size for TES?

 Simulated TES data averaged at 10°x10° 15%15°and 20%30°
« Not much difference between the different binning
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Conclusions for TES CO,

Observed yearly and seasonal variations are consistent with in situ data
Errors are ~1.5 ppm for monthly averages between 40S and 40N

Averaging of 10x10 to 20x30 degrees gives similar results when used for flux
estimates

Next steps

Using real TES data for source and sink estimates (see next talk!)
More validation (NH Atlantic, SH Pacific @ 3-7 km)
Improve bias characterization
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Comparisons to Carbontracker, AIRS, Globalview
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Resolution versus error tradeoff

Averaging area # per bin observation error
10 x 10 degree x 1 month 45 2.0 ppm

15 x 15 degree x 1 month 91 1.4 ppm
20 x 30 degree x 1 month 222 1.0 ppm

OSSE results

Land mean error reduction 0.72
Ocean mean error reduction 0.87
DOFs 14.9

Results are comparable between the 3 averaging sizes with 10x10 giving the |

reduction in flux uncertainty; however all three results give similar results. Th dlfferent
cases do better for different locations.
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TES actual errors

« Compare TES to Mauna Loa and CONTRAIL CO,
 Averaging decreases error
* Progression agrees with 1/sgrt(N) reduction in error
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